Focused on rotor lateral modes, the paper discusses specifics of damping evaluation in rotating machines. Rotors force the fluid trapped in small rotor-to-stator radial clearances to rotate in circumferential fashion. The fluid in circumferential motion generates a tangential force acting in feedback on the rotor. This force direction is opposite to that of damping force. The "effective damping" is, therefore, reduced or even nullified by the fluid interaction effects. The classical measures of damping in mechanical structures, such as Logarithmic Decrement and Amplification Factor, which are used to evaluate machine susceptibility to instability based on documented vibration data, have to be adjusted to include the fluid interaction effects. These measures now represent the measures of Quadrature Dynamic Stiffness (QDS). It is shown that they contain the expression defined as Stability Margin (or Nondimensional Stability Margin), derived from the stability condition of the rotor system. A simple model of isotropic rotor lateral vibrations is used to obtain the QDS measures.
INTRODUCTION
There exist several commonly used measures of damping in mechanical structures. The practical methods of damping evaluation are divided into two fundamental groups: structure damping evaluation based on free vibrations and based on forced vibrations. For linear models of single degree of freedom (the first mode) mechanical systems; all damping measures are comparable (some at first approximation); they differ only by constant coefficients. When considering multimode structures, the damping evaluation methods are usually limited to those based on forced vibrations, as the excitation and identification of higher mode free vibrations becomes impractical. Using the modal approach for the structures with widely spaced natural frequencies, the evaluation of modal damping for each separate mode is reduced to the same methodology as for a singledegree-of-freedom oscillator.
The direct application of all damping evaluation methods mentioned above fails in the case of rotating systems. The evidences of these failures are reflected in many publications (e.g., Vance, 1988 , and Lee, 1993) reporting the presence of "negative damping" in the system responses. By nature, damping, defined as a coefficient of the damping force which resists the motion and dissipates energy, is always positive. The reason for inappropriate "negative damping" description lies in inadequate modeling of structures which contain a source of energy. The rotating structures belong to this category. Rotating machines represent a large class of the rotating structures.
In this paper the measures of damping and practical damping evaluation methods for rotating machine rotor lateral modes are discussed. It is shown that the damping itself does not become negative, but, due to rotational motion of the rotor ("source of energy"), a new force is generated. This force acts in opposite direction to the damping, and its magnitude can exceed that of stabilizing damping force. The result, therefore, appears as "negative damping." Since in rotating systems damping is not the only component contributing to the Quadrature Dynamic Stiffness (QDS) , it is mandatory to use QDS in dynamic considerations instead of just "damping." One of the forces generated due to rotor rotation is the fluid-induced tangential force which occurs in small rotor-to-stator radial clearances (such as in fluid-lubricated bearings, in seals, or in blade-tip clearances). This tangential force is the source of rotor instability.
The first section of this paper summarizes the classical measures of damping for a single-mode linear oscillator. The second section discusses the evaluation of Quadrature Dynamic Stiffness and Stability Margin in rotating structures. The results are applicable in the field practice.
CLASSICAL MEASURES OF DAMPING IN MECHANICAL STRUCTURES
The classical damping measures in mechanical structures are based on a mathematical model for a single-degree-of-freedom linear oscillator. The sununary of these classical measures of damping is presented in Table 1 .
MEASURES OF "EFFECTIVE DAMPING" OR "QUADRATURE DYNAMIC STIFFNESS" IN ROTATING STRUCTURES BASED ON ROTOR LATERAL MODES.
In order to relate to principal physical phenomena, the rotating system damping measures will be introduced based on the simple mathematical model; these measures can, however, be directly applied into the machinery vibration test data.
For an adequate description of the lowest lateral modes of rotating machine rotors, two degrees of freedom have to be considered: they _correspond to the two rotor orthogonal lateral deflections, orthogonal to the rotor axis of rotation. The coupling forces, namely the gyroscopic and the tangential forces, are due to rotor rotation. The simplest mathematical model of the isotropic rotor first lateral mode is, therefore, as follows:
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are rotor lateral displacements in two orthogonal directions (x = "horizontal," y = "vertical"), Ds ,K are rotor modal mass, damping, and stiffness respectively, D is rotor-surrounding-fluid damping, is fluid circumferential average velocity ratio (Muszynska, 1988 , Muszynska et al, 1996a , 17 is rotative speed. The product D212 represents the fluid-related tangential force coefficient often referred to as "cross-coupled stiffness." The parameter I, proportional to rotor polar moment of inertia, represents the gyroscopic effect. F,a),5 are magnitude, frequency, and angular orientation of the externally applied, rotating exciting force. In the general case, its frequency o.) is different from rotational frequency 12, and independent from it.
Four eigenvalues of the rotor system (1) can analytically be calculated and are as follows: The rotor stability condition to assure nonpositive real parts is as follows: [zeta] 5 = T n. 
+ E +11;2----J)
In this format the Log Dec (8) contains in the numerator the explicit stability condition (4). If it is satisfied, the Log Dec is positive and the vibration amplitudes decay (or remain constant). If it is not satisfied, the Log Dec is negative, vibration amplitudes increase in time, and the system is unstable.
The Log Dec as a measure of damping is often used in practical impact testing of mechanical structures. If an impact testing used on a rotating rotor results in vibrations with increasing amplitudes, thus a negative Log Dec, it does not mean that the "damping is negative." It means that the system instability threshold was exceeded due to the existence and high value of the tangential force represented in the model (1) by the ratio X . As a matter of fact, damping practically has no effect on the instability threshold (usually D>> D, thus 1+ +41D f.t: 1). The gyroscopic term alone does not affect the stability, but it modifies the system natural frequencies and causes the stability threshold to increase (up to infinity, if for 2> 0 there is 1> WV +D,/D).
Loss Factor
The Loss Factor 77 , as a measure of the system potential energy lost during vibration (see Table 1 ), is mainly used to evaluate structure elastic member material damping or structural damping in joints, as discussed by Nashif et al, 1985. With approximation, there is , where 9 is the Log Dec. The Loss Factor for the rotor models is not used.
Eigenvalue Angle
A useful measure of "effective damping," developed from free vibrations and based directly on system eigenvalues, is the angle co , defined as the arctangent of the ratio of the real and imaginary parts of a specific eigenvalue s, Unlike to "static" mechanical structures, the value of the Amplification Factor is not inversely proportional to damping alone, but to its product with the Stability Margin (3).
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The Nonsynchronous Amplification Factor, Eq. (23), can be expressed by using the response phase slope as follows (the minus sign in (24) is dropped):
where the slope, (SL), can practically be obtained from the machine response phase data as SL = Aal Aco (z = an increment around the resonance frequency co ra ).
Nondimensional Stability Martin
In sections 3.1 to 3.5 various classical measures of damping in mechanical systems were adapted to the simplest rotor model (1). For rotating systems the classical "measures of damping" must be interpreted as "measures of Quadrature Dynamic Stiffness." While the idea of Direct and Quadrature Dynamic Stiffness applies mainly to the systems with periodic external excitation, it is convenient to use it as a descriptor of rotating system dynamic characteristics.
The rotor stability condition ( The slope has much lower value than the slope for the forward perturbation, Eq. (24).
FINAL REMARKS
The measures of Quadrature Dynamic Stiffness developed from classical measures of damping and adapted to simple isotropic rotor lateral mode model were discussed in this paper. The emphasis was on the Quadrature Dynamic Stiffness, which for stationary structures and simple oscillators equals the damping terms, but for the rotor models must be complemented by the tangential force components. This tangential component most often appears out of phase to damping, so that the entire Quadrature Dynamic Stiffness may become nullified. It is shown that the classical measures of damping adapted for rotors contain an expression similar to the stability condition. A new related expression was introduced, namely, Nondimensional Stability Margin (NSM) as a derivative of the stability condition. The Quadrature Dynamic Stiffness measures can efficiently be expressed as functions of the NSM (Table 2) . These measures apply directly to the rotating machine vibrational data in order to assess the machine susceptibility to instability. More detailed considerations on the topic can be found in the paper by Muszynska (1996b) .
In rotors a distinction should be applied for the cases of forward and backward excitation, as well as for cases of Direct (low damping) and Quadrature (high damping) Resonances.
The developed measures apply to the isotropic one-mode lateral model. They may also be applied to higher lateral modes of the rotor, provided they are widely spaced. These Quadrature Dynamic Stiffness measures fail in case of closely spaced modes. One common case in rotor modeling is the anisotropically supported rotor. Its two orthogonal lateral modes have different, but close, frequencies. In synchronous response Bode and polar plots the rotor support anisotropy introduces "split resonances." Such double peaks do not qualify for applying ,classical measures such as the Amplification Factors, as the peak values are not only functions of the Quacirature Dynamic Stiffiiesses and Stability Margins, but also functions of "split" frequency differences. In these cases new, different measures have to be developed.
